G e o r g e W a s h i n g t o n C o r n e r I I I died at th e age of 91 on 28 S ep te m b er 1981. F o r m an y years he was b o th the d o m in a n t and the m o st respected figure in the anatom ical w orld of A m erica. H e was also an in sp iratio n to an ato m ists the w orld over in a p erio d w hen th e subject, because of its ta rd in ess in resp o n d in g to th e challenge o f the exp erim en tal m eth o d , had all b u t becom e th e C in d erella of th e m edical sciences. C o rn er was a m an of w ide and scholarly in terests, a d istin g u ish ed pio n eer in th e e x p eri m ental stu d y of the en d o crin e co n tro l of th e rep ro d u ctiv e cycle, and a n otable m edical h isto rian .
H e was b o rn in B altim ore on 12 D ecem b er 1889, the eldest of th e th ree ch ild ren of G eorge W ash in g to n C o rn e r II, a w ell-to -d o m erch an t. H is m o th er, F lo ren ce E vans, w as, like h er h u sb an d , a d escen d an t of N ew E n gland B ritish stock. T h e C o rn ers had been long estab lish ed in B altim ore, to w hich G e o rg e 's g rea t-g ra n d fa th e r, Jam es C olem an C o rn er, had m oved from a n o th er p art of M ary lan d at the end of th e eig h teen th cen tu ry , and w here he had fo u n d ed a flourishing sh ip p in g firm. G e o rg e 's m aternal g ran d fath er, H e n ry Evans, had been b ro u g h t as a boy to A m erica from S om erset in E n g lan d . H e was one of the pioneers of the food-packing in d u stry . G eo rg e had a h ap p y ch ild h o o d . B oth his p aren ts w ere strict M eth o d ists, and he accepted w ith o u t d e m u r th e discipline of daily fam ily prayers. A fter 6 years in one of th e c ity 's p u b lic schools, he m oved at the age of 14 into the B altim ore B oys' L atin School, an estab lish m en t th a t catered for the sons of w ell-off m iddle-class fam ilies. L atin, E nglish and M ath em atics d o m in ated the cu rric u lu m , b u t G eorge was able to satisfy a n atu ral b en t for science th ro u g h voracious reading and by ex p erim en tin g at hom e w ith sim ple electrical app aratu s.
H e en tered Jo h n s H o pkins U n iv ersity in 1906. T h e U n iv ersity was then 30 years old, and n u m b e re d ab o u t 750 stu d en ts, only som e 150 of w hom w ere u n d erg rad u ates, the rem ain in g 600 being eith er m edical stu d en ts or in p o stg rad u ate w ork. Its staff already included several o u tsta n d in g m en. In his second year, C o rn er d ro p p e d L atin to read general biology and co m p arativ e an atom y , tw o su b jects in w hich he shone. H e took his first degree in 1909, after w hich he sp en t som e m o n th s in the U .S . B ureau of F ish eries L ab o ra to ry in N o rth C aro lin a, an in stitu tio n th a t was d esig n ed on th e m odel of th e P ly m o u th and N aples m arine laboratories. T h e re , in th e co m p an y of a n u m b e r of visiting senior scientists, he em b ark ed on his first piece of research, th e life-cycle of the pro tozoan C othurnia. A reco rd of his findings was p u b lish e d in 1911 (1) in the Johns H opkins U niversity Circulars. O n re tu rn in g to B altim ore, C o rn e r had to decide w h e th e r to w ork for a P h .D . degree in zoology or to p ro ceed straig h t to m edical school. H e chose the latter course, an d in O cto b er of 1909 en tered th e Jo h n s H o p k in s M edical School, w hich was th e n u n d e r th e d irec tio n of th e fam ous D r W illiam H . W elch. A t the tim e, Jo h n s H o p k in s was th e only school in the U n ite d S tates in w hich all the m edical d isciplines w ere rep resen ted . S om e of th e d e p a rtm e n ts w ere d irected by m en w ho w ere to m ake m edical h istory , am ong th e m Jo h n A bel, th e ch em ist w ho isolated and d e term in e d th e chem ical stru c tu re of ad ren alin , and G eo rg e W h ip p le, w ho in 1934 shared th e N o b el P rize for his c o n trib u tio n to th e discovery of the tre a tm e n t of p ern icio u s anaem ia w ith liver ex tract. H arvey C ush in g , the 'fa th e r' of m o d e rn b rain su rg ery , was also still th ere. T h e school had a vigorous m edical h isto ry club and lib rary co n tain in g a valuable collection of m edical classics.
C o rn er qualified in 1913 after th e sta tu to ry fo u r years of m edical studies, d u rin g w hich he sp en t a su m m e r vacation a tte n d in g lectu res in F re ib u rg , in clu d in g a course d eliv ered by th e w o rld -ren o w n ed L u d w ig A schoff. H e sp en t an o th er vacation w o rk in g in a G ren fell M edical M ission in L a b ra d o r, to w hich he re tu rn e d for a few m o n th s after g rad u atin g . T h e re it was th a t he first m et B etsy C o p p in g , w hom he was later to m arry. S he was the d a u g h te r of a N ew H a m p sh ire C ong reg atio n al m in ister, and had v o lu n teered for w ork as a school teach er at th e M ission S tatio n at B attle H arb o r.
T h e research p ro g ram m e of th e Jo h n s H o p k in s A n ato m y D e p a rtm e n t, w hich C o rn er jo in ed as an 'a ssista n t' in 1913, d eterm in e d his ow n e n d u rin g scientific in terests. F ran k lin M all, th e head of th e D e p a rtm e n t, was th en the m ost d istin g u ish ed m orp h o lo g ical em b ry o lo g ist in the w orld. F lorence S abin, w hose fam e as a teach er becam e all b u t legendary, was well know n for h er w ork on th e origin of b lood cells. She also ta u g h t m icroanatom y and neurology. T h e re was also H e rb e rt M . E vans, one of th e pioneers of th e stu d y of the fu n ctio n s of th e p itu ita ry gland. As a stu d e n t C o rn er had selected as a research p ro ject th e d u ct system of the pancreas, the resu lts of his en q u iries bein g p u b lish ed in th e Am erican Journal o f A n a to m y (2) th e year after he qualified. As an assistant in M a ll's D ep a rtm e n t he felt co n strain ed to follow his p ro fesso r's su g gestion th a t he tu rn his atten tio n to the d ev elo p m en t of th e co rp u s lu teu m of th e m am m alian ovary. T h e fru its of his first piece of w ork in this field w ere p u b lish e d in 1915 (3) u n d e r th e title 'T h e co rp u s lu teu m of p reg n an cy as it is in sw in e'.
A fter a year as 'a ssis ta n t' in th e A n ato m y D e p a rtm e n t, C o rn e r did his s ta tu to ry y e a r's in te rn sh ip in the D e p a rtm e n t of G ynecology. H e th e n left B altim ore, having accep ted an in v itatio n fro m H e rb e rt E vans to becom e an assistan t p ro fesso r in th e D e p a rtm e n t of A n ato m y in B erkeley, C alifornia, to th e d ire c to rsh ip of w hich E vans had ju s t b een ap p o in ted . C o rn e r rem ain ed w ith E vans fro m 1915 u n til 1919, m a rry in g Betsy C o p p in g a few m o n th s after he h ad m oved to C alifornia. In those days one could set up h o m e on a salary of SI 25 a m o n th .
O nce again, C o rn e r fo u n d h im se lf in an in sp irin g , even if sm aller, com pany. E vans was a m an of p o w erful and tireless in tellect, an d was d estin ed to b u ild a D e p a rtm e n t w hose w ork w ould have a lastin g im p act on the d ev elo p m en t of th e w hole su b ject of end o crin o lo g y . A n o th er new colleague was P h ilip E. S m ith , w hose nam e, too, was to p u t a stam p on th e b lossom ing su b ject of en d o crin o lo g y . In this co m p an y C o rn e r c o n tin u e d w ith his ow n research es in to th e rep ro d u ctiv e cycle of th e pig. H is in te re st in th e h isto ry of m ed icin e nev er w aned and, in ad d itio n to his load of conventional an atom ical teach in g , he co n tin u ed to give, as he had at Jo h n s H o p k in s, a co u rse of lectu res on th e h isto ry of th e subject.
In 1919, at th e age of 30, C o rn e r re tu rn e d to Jo h n s H o p k in s as A ssociate P ro fesso r of A n ato m y u n d e r L ew is H . W eed, w ho had by th e n succeeded F ran k lin M all as head of th e D e p a rtm e n t. As always, C o rn er was m oving from one ex citin g e n v iro n m e n t of research to an o th er. Close to the M edical School was th e C arnegie In s titu tio n 's pow erful D e p a rt m e n t of E m bryolo g y , d irec ted by G eo rg e S treeter, on w hose staff was O scar R iddle, w ho was th e n w orking on the rep ro d u ctiv e physiology of pigeons. In the P h ip p s P sy ch iatric C linic of Jo h n s H o p k in s was a b rillia n t young ex p erim en talist, C u rt R ich ter, w hose o b servations on th e rh y th m ic cycles of activity in albino rats C o rn er was soon to relate to E v an s's and Josep h L o n g 's discoveries ab o u t th e oestrous cycle of an anim al th a t had n o t yet becom e th e fam iliar experim en tal anim al it is today. H e h im self arran g ed to co n tin u e his en q u iries into th e life o f the corpora lutea of the pig, w hich in Berkeley he had only been able to follow until about a week after o vulation. H e also started a series of researches into the causation of m e n stru a tio n , w orking on the rhesus m onkey. D u rin g the period th a t he was a m em b er of W e e d 's D e p artm en t, C o rn er attracted to his ow n lab o rato ry several young research w orkers, som e of w hom , am ong them F ran k lin S n y d er and A lan G u ttm a c h e r, w ere also to m ake th e ir nam es in the story of rep ro d u ctiv e physiology.
In 1923, now 34 years old, C o rn er was chosen as the D irecto r of the A natom y D ep a rtm e n t in a new m edical school ab o u t to be b u ilt in R ochester, N ew Y ork, w ith the help of a considerable en d o w m en t from the Rockefeller F o u n d atio n and from M r G eorge E astm an, P resid en t of the K odak C om pany. Since it was to be a totally new m edical school and teaching hospital, C o rn er was asked to d irect th e design of th e A natom y D ep a rtm e n t, and was en co u rag ed to go abroad for th e year d u rin g w hich b u ild in g op eratio n s w ere to take place. A ccordingly, he sp en t the perio d from S ep te m b er 1923 to Ju n e 1924 in the Physiology D e p a rtm e n t of U n iv ersity C ollege L o n d o n , w hich at the tim e was d irec ted by E rn est S tarlin g and W illiam Bayliss (the latter had been succeeded by A. V. H ill by the tim e C o rn er arrived). C o rn er took advantage of his stay to co n su lt m any of the leading figures in B ritish m edical science ab o u t th e plans for the new R ochester school, and also to recru it som e of th e staff th a t was w anted. H e saw' a g reat deal of G rafto n E lliot S m ith , th e n P rofessor of A natom y in U n iv ersity C ollege, and of H . H . W o ollard w ho was to succeed to E lliot S m ith 's C h air. H e also a tten d ed lectu res given by D r C harles S inger, the m ost d istin g u ish ed m edical h isto rian in th e U n ite d K ingdom . T h e tw o becam e close friends.
A fter leaving E ngland in Ju n e 1924, C o rn e r sp en t tw o m o n th s in th e U n iv ersity of S trasb o u rg before re tu rn in g to the U n ite d States. In S trasb o u rg he becam e acq u ain ted w ith th ree m en Paul B ouin, Paul A ncel and R o b ert C o u r r ie r -w h o w ere p laying a central p a rt in the dev elo p m en t of F ren ch research in the field of rep ro d u ctiv e physiology. Like C o rn er, C o u rrie r was to becom e a F o reig n M e m b e r of th e Royal Society (at 87 he is still the S ecretaire P erp etu el of the A cadem ie des Sciences).
F o r 16 years, from 1924 until 1940, C o rn e r d irected th e A natom y D e p a rtm e n t in R ochester, and it was here th a t he carried o u t m o st of his best know n scientific research. O rg an izin g a new d e p a rtm e n t was no easy task, b u t fo rtu n ately he had been able to recru it to his staff som e o u tsta n d in g m en, am ong th em th e ex p erim en tal em bry o lo g ist, R. K. B urns. H e was also able to find in W illard A llen, a young b io ch em ist in the new school, a co llab o rato r w ith w hose help C o rn er was to isolate p rogesterone, the h o rm o n e of th e co rp u s lu teu m . Busy as he was, he also co n tin u ed w ith his studies of m edical histo ry .
In 1940 C o rn er resigned his C h air in R o ch ester and re tu rn e d to B altim ore to succeed S tre e te r as D ire c to r of the C arnegie In stitu tio n of W ash in g to n 's D e p a rtm e n t of E m b ry o lo g y . Because th is D e p a rtm e n t was physically p art of Jo h n s H o p k in s U n iv ersity , th e m ove m ean t th a t C o rn er was retu rn in g to the com pany of old frien d s and colleagues. R o b ert B urns accom panied him from R ochester, and he was also able to recru it to his staff D r Sam R eynolds, th en a leading a u th o rity on th e physiology of the uteru s. D u rin g M all's and S tre e te r's reigns, the em phasis of the D e p a rtm e n t's w ork had been on d escrip tiv e m orphological em bryology. U n d e r C o rn e r's, w hich lasted 15 years, it shifted significantly to experim ental em byrology.
T w o years before his C arnegie D irecto rsh ip was to end, C o rn er was given leave to spend a year as E astm an V isiting P rofessor at O xford, an a p p o in tm e n t th a t carries w ith it a F ellow ship at Balliol. H e was also given 'h o u s e -ro o m ' in th e D e p a rtm e n t of A n ato m y , th en p resid ed over by S ir W ilfrid L e G ro s C lark. O n his re tu rn to B altim ore, C o rn e r d evoted his final year as D ire c to r of th e D e p a rtm e n t o f E m b ry o lo g y to w in d in g up his affairs as an active lab o rato ry scien tist. H e also had to decide w hat to do n ex t because, alth o u g h he had reach ed th e re tire m e n t age of 65, he was n o t only still full of v ig o u r, b u t anxious for gainful em p lo y m en t, since he had saved little in th e 40 years he h ad already sp en t in academ ic w ork. O nce again D am e F o rtu n e step p ed in. T h e T ru s te e s of the R ockefeller In s titu te , of w hich th e p h y sio lo g ist D r D etlev B ronk had ju s t becom e th e D ire c to r (w hile still acting as P re sid e n t of Jo h n s H o p k in s), h ad d ecided th a t a h isto ry sh o u ld be w ritte n of th e I n s titu te 's first 50 years. C o rn er accepted an in v itatio n to u n d e rta k e th e task, and in 1955 m oved w ith his wife to N ew Y ork, for w h at w as assu m ed at th e start w ould be a p erio d of only tw o years. T h e jo b took five years. H is book (97) was d elivered to th e T ru s te e s in 1960, and ap p eared in p rin t in 1964.
In 1960, and now 71 years of age, C o rn e r was in v ited to becom e th e E xecutive Officer of th e A m erican P hilo so p h ical S ociety in P h ilad elp h ia, th e oldest and in m any w ays th e m o st p restig io u s of the learned societies of th e U n ite d S tates. H e h eld th is office for 16 years before, at the age of 88, he h a n d ed over his executive d u ties to M r W hitfield J. Bell Jr, w hile retain in g office as ed ito r of th e S o cie ty 's p u b licatio n s, and ch airm an of its C o m m ittee on R esearch. H e relin q u ish ed the latter resp o n sib ilities only in 1980. T h o se w ho atte n d e d th e jo in t m eetin g of th e A m erican P hilosophical S ociety and th e R oyal Society th a t took place th a t year in L o n d o n will rem e m b er C o rn e r as a m an w hose appearance totally belied his age. H e co n tin u ed w orking u n til th e end, and in his 92nd year, a few days before his d eath , he sent th e P hilosophical S o ciety 's R esearch C o m m ittee h a n d w ritte n assessm ents of som e g ra n t ap p lications th a t had been referred to him .
S c i e n t i f i c a c h i e v e m e n t s : T H E P H Y SIO L O G Y OF R E PR O D U C T IO N
T o appreciate C o rn e r's con sid erab le c o n trib u tio n to o u r u n d e rs ta n d ing of rep ro d u ctiv e m ech an ism s, it is necessary to b ear in m in d how little was know n about the n a tu re of the phases of the m am m alian sexual cycle w hen he em barked on his first studies. F o r exam ple, alth o u g h the d u ratio n of the m en stru al cycle was know n, the tim e w hen ovulation occurs in the cycle was still a m a tte r of speculation w hen F ran k lin M all suggested in 1913 th a t C o rn er investigate th e d ev elo p m en t of th e co rp u s lu teu m . W hat M all was h o p in g was th at an u n d erstan d in g of the form ation of the co rp u s lu teu m m ig h t p rovide a m eans of d eterm in in g the age of early h u m an em bryos. A co rresp o n d in g ignorance prevailed about the 'lo w er' m am m als. T h a t ovulation is in som e way associated w ith the p h en o m en o n of 'h e a t' (oestrus) was obvious, b u t th a t was all. N o one knew how' long the o estro u s cycle lasted in th e rat or the pig or, for th at m atter, in any o th e r m am m al. T h e fact th a t th e cycle is u n d e r the control of steroidal h o rm o n es, w hich them selves are co n tro lled by secretions of the an terio r lobe of th e p itu ita ry , was n o t to be revealed for m any years to com e.
The corpus luteum o f the pig
C o rn er began his stu d ies by collecting and sectio n in g for m icroscopic study the ovaries of p re g n a n t pigs. O n the basis of cytological differences in the luteal cells, he p osited seven stages in th e 115-120 days of pregnancy, and show ed th a t th e co rp o ra lutea th a t develop from the ru p tu re d ovarian follicles deg en erate by the fifteenth day. T h e resu lts of this piece of research w ere p u b lish e d in 1915 (3), b u t in C o rn e r's ow n ju d g e m e n t they added little to know ledge of th e so w 's rep ro d u ctiv e cycle. W h at follow ed certainly did, for in B erkeley he was able to collect the ovaries of sows th a t had been u n d e r o b serv atio n for signs of o estru s before they w ere slau g h tered . In th is way C o rn er discovered th a t ovulation takes place on the first or second day of o estru s, and th a t it occurs spontan eo u sly , and n o t as a resu lt of th e act of m atin g , as in the rabbit. H e was also able to settle once and for all th e d isp u te d q u estio n of the cellular origins o f the co rp u s lu teu m by show ing th a t n o t only the granulosa cells of the follicle, b u t also th e cells of th e theca in tern a, by w hich the form er are su rro u n d e d , becom e tran sfo rm e d into luteal cells. Several years later C o rn er d em o n strated th a t th e sam e process of developm ent applies to the h u m an co rp u s lu teu m and to th a t of the rhesus m onkey. D u rin g the tim e he was carry in g o u t these stu d ies, m ajor advances in o u r basic u n d erstan d in g of rep ro d u ctiv e processes w ere bein g m ade by o th e r research w orkers. In 1917, S to ck ard and P apanicolaou of C ornell M edical School had discovered th a t ovulation in th e g u in ea-p ig is associated w ith specific changes in the vaginal ep ith eliu m . H e rb e rt Evans and Joseph L o n g m ade use of this fact to develop the 'vaginal sm ear te c h n iq u e ', w ith the help of w hich they show ed th a t o estru s and ovulation recu r approxim ately every five days in the u n m ated albino rat (L o n g & E vans 1922). O nce this had been estab lish ed , it was possible to correlate the cyclical changes th a t occur in the ovaries w ith those u n d erg o n e by th e u teru s and o th e r accessory rep ro d u ctiv e organs. W hile this w ork was going on, P hilip S m ith was perfectin g , in th e sam e d ep a rtm e n t, the surgical tech n iq u e of h y p o p h y secto m y in the rat, and op en in g the way to an u n d erstan d in g of th e control of the h o rm o n al secretions of the ovary by those of th e pars distalis of the p itu ita ry gland.
W ith all this new know ledge as b ack g ro u n d , C o rn er was able to com plete his analysis of the changes th a t take place in th e ovaries and accessory rep ro d u ctiv e organs of the sow. T h e results w ere p u b lish ed in 1921 (14) in a m o n o g rap h th a t soon becam e a m odel for co rresp o n d in g stu d ies of o th e r m am m als. In his au to b io g rap h y C o rn e r p ro v id es a su m m ary of his findings in language so sim ple th a t it co m p letely disguises th e ard u o u s and m eticu lo u s w ork from w hich his conclusions w ere draw n .
'. .. im m atu re follicles up to five m illim eters ( j inch) in d ia m ete r are alw ays p re se n t in m a tu re sows. A t intervals of ab o u t tw en ty -o n e days, several follicles su d d en ly enlarge to a d iam eter of eight to ten m illim eters. O n th e second day of estrus, they ru p tu re and discharge th e ir ova into the o v id u cts. O n th e fo u rth day after o v u latio n th e ova reach the u teru s, w here if they are n o t fertilized by m atin g w ith a boar, they deg en erate and d isap p ear. I could find no ova later th a n six days after ovulatio n . M ean w h ile th e disch arg ed follicles are c o n v er ted into co rp o ra lutea w hich, reach in g full d ev elo p m en t ab o u t ten days after ovu latio n , p u t fo rth p ro g estero n e to co n d itio n the e n d o m e triu m (u teru s) to receive and n o u rish th e em bryos.
'T h e p re p a ra tio n for p reg n an cy is ch aracterized by a g reat increase in com plexity of th e en d o m etria l glands. I have called this changed state 'pro g estatio n al p ro life ra tio n '. As seen in w om en, gynecologists have n am ed it the p re m e n stru a l stage. If th e ova are n ot fertilized, th e co rp o ra lutea d eg en erate, b eg in n in g on ab o u t the fifteenth day. T h e en d o m e triu m , no longer s u p p o rte d by p ro g estero n e, rev erts to its original state, an d a n o th er estro u s p eriod soon sets in. If th e ova are fertilized, how ever, th e co rp o ra lutea p ersist, m ain tain in g the p ro gestational state of the u te ru s u ntil the end of the p re g n a n c y .' C o rn e r was n e ith e r the first to d escribe the n atu re of 'p ro gestational p ro life ra tio n ' n o r to a ttrib u te it to th e influence of the co rp u s luteum . B orn, of B reslau, had p red ic ted a h orm onal influence of th e co rp u s lu teu m at th e tu rn of the cen tu ry , and Paul B ouin and Paul A ncel of S tra sb o u rg had given su b stan ce to th e idea as early as 1910 (A ncel & B ouin 1910) . W h at C o rn e r's m o n o g rap h d id was to p rovide w hat he called 'a basic sch em e' w ith w hich to com pare w hat w ent on in the oestro us cycle of the sow w ith th e cyclical changes th a t characterize o th er m am m als. H e was in no sense im m o d est in later describ in g the p u b lica tion of his m o n o g rap h as m ark in g his em ergence as 'an au th o ritativ e scientific in v e stig ato r'. N o r, in th e light of his increasing u n d erstan d in g of the n atu re of the o estro u s cycle, was it su rp risin g th a t he had im m ediately realized the significance of the p eriodic changes th at ch arac terized the ru n n in g activity o f the albino rats th a t his new colleague at Jo h n s H opkins, C u rt R ichter, had found so puzzling. R ich ter had already m ade his m ark in studies of n atu ral food preferences in the rat, and had tu rn e d his atten tio n to the am o u n t of tim e the anim als exercise each day on w heels linked to th e ir cages. H e had noted th a t the fem ales, b u t not the m ales, w ere m ost active every fo u rth or fifth day, and had w ondered w h eth er this had an y th in g to do w ith a sexual cycle. B ut he was un ab le to find pub lish ed and reliable in fo rm atio n ab o u t sexual p erio d icity in the rat. Soon after C o rn e r's re tu rn to B altim ore, he called on him to discuss the m atter. C o rn er im m ed iately linked R ic h te r's findings to E v a n s's and L o n g 's as yet u n p u b lish e d o b serv atio n s, w hich show ed th a t th e u n m a ted fem ale albino rat com es into h eat ab o u t every fifth day. L ater, w hen d escrib in g the occasion, C o rn e r w rote:
'T h e re is no th rill q u ite like th a t w hich a scien tist feels w hen tw o previously u n related facts su d d en ly snap to g e th er to teach him so m eth in g new . W e [C o rn er and R ichter] fairly c h attered w ith excitem ent as I exam ined o th e r rats, som e in high activity, som e low, and I show ed R ich ter th a t I could tell one from th e o th e r by looking at the vaginal sp read s as well as he could by read in g th e cy clo m eters.' (104)
The hormone o f the corpus luteum
In his effort to isolate th e h o rm o n e th a t th e co rp u s lu teu m secretes, C o rn er follow ed th e classical p ro ced u res for u n rav ellin g any h o rm o n al process. H e began by co n firm in g w h at F raen k el, B ouin and A ncel had already d em o n strated , nam ely th a t th e rem oval of th e co rp o ra lutea from th e ovaries of m ated doe rab b its p rev en ts th e p ro g estatio n al changes th a t w ould otherw ise o ccu r in th e en d o m e triu m , and th at, as a co nsequence, the em bryos die. H is next step was to show th a t if th e ovaries of a doe rab b it are rem oved 18 h o u rs after she has been m ated w ith a fertile m ale, progestational changes still occu r if th e doe is injected daily for five days w ith a 'm u s h ' of co rp o ra lutea. T h is h aving b een estab lish ed , th e biochem ical w ork follow ed, carried o u t in co llab o ratio n w ith W illard A llen. A fter several m o n th s of ex p erim en tin g , cru d e b u t usable luteal extracts w ere o b tain ed by passing th e v ap o u r of bo ilin g alcohol th ro u g h the m inced corp o ra lutea of sows in an ex tractio n co lum n. S tim u latio n of progestational changes in th e u te ru s of young u n m a ted rab b its, or the m aintenance of p reg n an cy in m ated m a tu re rab b its w hose ovaries had been rem oved, p ro v id ed the necessary test for po ten cy of th e extracts. C o rn er relates th a t on one occasion w hen he was ab o u t to carry o ut such a test w ith a syringe full of ex tract, he stu m b led on th e steps of his anim al house, and 'lost the w o rld 's en tire c u rre n t su p p ly of th e h o rm o n e of the corpus lu te u m ', w hich C o rn er and A llen had by th en ch risten ed 'p ro g e stin '.
The results of these ex p erim en ts w ere p u b lish e d betw een 1928 and 1930 (24, 26, 27, 28) , the p eriod in w hich bio ch em ists and chem ists in G erm an y , E nglan d and A m erica had succeeded in d em o n stratin g the steroidal stru c tu re o f the ovarian oestrogenic ho rm o n es. In 1923, E d g ar A llen, w orking w ith E d w ard D oisy (A llen & D oisy 1923) , had isolated from w hole ovaries a p o te n t oestro g en ic ex tract. W illard A llen th e n set ab o u t th e pu rificatio n of the ex tract th a t he and C o rn er had o b tain ed , and in due course isolated crystals th a t w ere p o te n t physiologically, and w hose s tru c tu re was estab lish ed in co llab o ratio n w ith O skar W in te rste in e r of C o lu m b ia as bein g as sh o w n below . c=o By this tim e th e R o ch ester w orkers w ere no longer on th e ir ow n. As W illard A llen reco rd ed in his 'R ecollections of m y life w ith p ro g e ste ro n e ' (A llen 1974).
'C o rn e r and I realized, of course, th a t th ere w ould be co m p etitio n in the race for the isolation of th e h o rm o n e. A t least fo u r g ro u p s in ad d itio n to ourselves, e n tered th e race-S lotta in B reslau, B u te n an d t and W estphal in D an zig , H a rtm a n n and W ettstein in S w itzerlan d , and H isaw and F evold in M ad iso n , W ise. T h e cry stallin e h o rm o n e was an n o u n ced in th e su m m e r of 1934 alm ost sim u ltan eo u sly by W in terstein and A llen, S lo tta, et al., and by H a rtm a n n and W ettstein . In a few m o n th s B u te n an d t and S ch m id t had co n v erted p reg n an ed io l to p ro g estero n e an d F ern h o lz had sy n th esized the h o rm o n e from stig m astero l. T h e se endeavors estab lish ed th e s tru c tu ral form ula in reco rd tim e. W h at had started as p ro g estin in C o rn e r's laborato ry in 1929 h ad now becom e an " in tern atio n al h o rm o n e '' and by D ecem b er 1934, an " in tern atio n al in c id e n t" was brew ing. W in te rste in e r received a letter from S lotta ind icatin g th a t he (S lotta) and B u te n an d t had agreed th a t they w ould use luteosterone as a nam e for th e h o rm o n e. T h is d ev elo p m en t did n o t appeal to us, as we had nam ed th e h o rm o n e p ro g estin in 1930. O n Jan u ary 14, 1935 C o rn er d isp atch ed a m asterfu l letter to S lotta in w hich we suggested pro g estero n e as a suitable nam e for the h orm one. By giving up o u r nam e p ro g estin , we h oped th a t S lotta w ould give up his lu te o -ste ro n e .'
In 1935 an in tern atio n al conference agreed th at the new h orm one should be called prog estero n e, and fixed the in tern atio n al stan d ard as the specific activity of one m illigram of the in tern atio n al stan d ard crystalline p rep aratio n .
The m enstrual cycle
As soon as he had becom e clear ab o u t the co o rd in atio n of th e changes in the rep ro d u ctiv e organs th a t m ark th e phases of th e sexual cycle in th e sow, C o rn er set ab o u t the scientific analysis of th e m en stru al cycle. W hen, in 1921, he sta rte d th is w ork, it was n o t clear w hat the en d o m etrial breakdow n th a t m an ifests itself as m e n stru a tio n rep resen ts in relation to the phases of the cycle in th e b itch o r th e sow. Som e saw it as th e eq u iv alen t of the phase of en d o m etrial d eg en eratio n associated in som e species w ith o v u lation and o estru s. O th ers sp ecu lated th a t o v u latio n takes place in the m id d le of th e cycle, and th a t m e n stru a tio n is th e ex tern al sign of the breakd o w n of the p ro g estatio n al e n d o m e triu m th a t m arks th e d eg en eratio n of the co rp u s lu teu m w h en fertilizatio n does n o t occur. It was tow ards th e la tter view, ex p o u n d ed by several ex p erien ced and scientific E u ro p ean gynaecologists, th a t C o rn er leant.
In 1923, after tw o years of stu d y in w hich 11 rh esu s m acaques w ere killed at different tim es of th e m e n stru al cycle (w hich C o rn er fo u n d had 'a m odal le n g th ' of ab o u t 27 days), he re p o rte d (21) th a t o v u latio n had n o t o ccu rred in som e of his m onkeys th a t h ad n ev erth eless m e n stru a te d . T h is observation confirm ed w h at b o th W alter H eape an d M arg aret V an H erw e rd en had co n clu d ed (H eap e 1896; V an H e rw e rd e n 1906) a b o u t th e tu rn of th e cen tu ry from th e ir p o st-m o rte m stu d ies of m onkeys, an d at the sam e tim e co n tro v e rted R o b ert M e y e r's gynaecological d ictu m , 'ohne O vu latio n keine M e n s tru a tio n '. L a te r C o rn e r a ttrib u te d th e u n e x p e c te d ly high incidence of cases of 'm e n stru a tio n w ith o u t o v u la tio n ' to th e fact th a t his anim als w ere n o t fully m a tu re.
H e also noted (21) th a t w h en o v u latio n d id occur, it took place ab o u t 12-14 days before the ex p ected onset of m e n stru a tio n . T h e en d o m e triu m was of the 'in te rv a l' or n o n -p ro g estatio n al ty p e in tw o m onkeys th a t had retro g ressin g co rp o ra lutea in th e ir ovaries, one of w hich was killed 9 days, and the o th e r 18 days, after the o n set of m e n stru a tio n . T h e e n d o m etriu m had the sam e stru c tu re in a n o th er m onkey, w hose ovaries co n tain ed a very early co rp u s lu teu m ; it had been killed 12 days before the expected onset of b leed in g . T h e en d o m e triu m of a m onkey th a t was killed 10 days before the expected onset of m e n stru a tio n was in an early phase of the 'p re m e n stru a l' or p ro g estatio n al stage; its ovaries con tain ed an alm ost com pletely organized co rp u s lu teu m . T h a t of a m onkey in w hich a solid co rp u s lu teu m was fo un d , and w hich was killed 7 days before the expected onset of bleeding, was d istin ctly 'p re m e n stru a l': i.e. 'the surface ep ith eliu m is high, the glands are d istin ctly spiral in form , th ere are m arked secondary p ro jectio n s into th e glands, the g lan d u lar epithelial cells are high and th e ir surfaces frayed, and th e basal glands are increased so m uch th at the e n d o m etriu m appears on section to be of spongy te x tu re '. C o rn er noted th a t the e n d o m etriu m of the anim al killed 12 days before the expected onset of m e n stru atio n and ju s t after ovulation h ad o ccu rred th e o v u m was fo u n d in the F allo p ian tu b e -show ed none of th e 'ch ara cteristic changes w hich m ark o e s tru s ' in th e pig, rat, m ouse or g u in ea-p ig ; th a t is to say, th e re w ere no signs of en d o m etrial d eg en eratio n such as v acu o lar d eg en e ratio n of th e epithelial cells or an accu m u latio n of leucocytes u n d e r th e ep ith eliu m .
In 1927 C o rn e r ex p lain ed th e significance of his findings (22) by rela tin g th e m to th e th e o ry of th e h u m a n cycle as it w ould have been b ased on th e gynaecological o b serv atio n s of F raen k el, H itsc h m a n n and A dler, M ag n u s, M ey er an d S ch ro ed er. H e w rote:
'O v u latio n is a p erio d ic fu n ctio n o ccu rrin g reg u larly at ab o u t the m id d le of th e in terv al b etw een tw o m en stru al h em o rrh ag es. It is follow ed by the d e v elo p m en t of a co rp u s lu teu m at th e site of the d isch arg ed follicle; and this stru c tu re , acting as a gland o f in tern al secretion, causes changes in th e e n d o m e triu m (the w ell-know n " p re m e n s tru a l" changes first d escrib ed by H itsc h m a n n an d A dler) by w hich it is p re p a re d for im p la n ta tio n of th e em b ry o . If the o vum is fertilized th e " p re m e n s tru a l" e n d o m e triu m th u s becom es the e n d o m e triu m of early p reg n an cy . If, how ever, th e o vum is n o t fertilized, the co rp u s lu teu m retro g resses, and at ab o u t th e sam e tim e the " p re m e n s tru a l" e n d o m e triu m su d d en ly b reaks dow n w ith resu ltan t h em o rrh ag e. M e n stru a tio n is on th is th eo ry m erely a violent d e m o litio n of the " p re m e n s tru a l" u te rin e edifice, som e days after the expected te n a n t (th e em b ry o ) fails to arrive. E ach m e n stru al p erio d is th erefo re necessarily d e p e n d e n t on th e o ccu rren ce of o v u lation ab o u t tw o w eeks b e fo re .' It was this last b elief-'ohne O v u latio n keine M e n s tru a tio n '-th a t C o rn e r's ow n o b serv atio n s co n tro v e rted . As p a rt of th e ad d itional evidence, w hich he p u b lish e d in 1927 (22) , he n o ted th a t one of his anim als had been m e n stru a tin g from a typical 'p re m e n stru a l' e n d o m e triu m ; lap aro to m y h ad show n th a t she had o vulated ab o u t fo u rteen days before. O n th e o th e r h an d an o th er m onkey, w hich had had an identical vaginal sm ear h isto ry , was m e n stru a tin g from an 'in te rv a l' en d o m etriu m ; th e re was no sign in th is a n im al's ovaries th a t ovulation h ad o ccu rred d u rin g the p reced in g tw o or th ree cycles. L ap aro to m ies on o th e r anim als also show ed th a t m e n stru a tio n m ig h t o ccu r w ith o u t p revious ovulation.
'O u t of ab o u t tw en ty -sev en cycles of w hich so m eth in g is definitely know n, from auto p sy or ex p lo ratio n , o v u lation has o ccu rred in seven only . . . H istologically th ere are tw o types of m e n stru atin g e n d o m e triu m -one show ing " p re m e n stru a l" changes, the o th er devoid of them , according to th e o ccu rren ce o r n o n -o ccu rren ce of ovulation tw elve or fo u rteen days b e fo re h a n d .'
T h e sam e observation had been rep o rte d in th e preced in g year by E dgar Allen of S t L ouis, w ho had also been stu d y in g the sexual cycle of th e rhesus m onkey (A llen 1926tf). T h re e years before this, he and E d w ard D oisy had show n, on th e basis o f th e vaginal cornification test, th a t the source of the o estrogenic (th en called follicular) h o rm o n e in m onkeys is the ovarian follicle. In ex p erim en ts w ith this h o rm o n e, A llen (19266) had also show n th a t if daily in jectio n s of oestro g en into spayed m a tu re rh esu s m onkeys are su d d en ly d isco n tin u ed , m e n stru atio n soon follows. H e also found th a t th e rem oval of b o th ovaries from a m onkey to w ard s the en d of, or im m ediately after, th e follicular phase of th e cycle (as ju d g e d by the colour of the sexual skin) is follow ed by 'a p p are n tly typical m e n stru al b le ed in g ' five to th irte e n days before m e n stru a tio n w ould be expected to occur. A llen th erefo re su ggested th a t 'm e n stru a tio n is d ue to an absence of follicular ho rm o n al stim u lu s after the h o rm o n e has been acting for a certain period of tim e ' (A llen 1927). T h e fact th a t m e n stru a tio n is norm ally delayed for som e tw o w eeks after o v u latio n he ex plained as being due to the possible co n tin u ed secretion of the follicular h o rm o n e (oestrogen) by th e co rp u s lu teu m , and he suggested th a t th e n o n o ccu rren ce of m e n stru a tio n d u rin g p reg n an cy m ig h t be due to th e secretion of o estrogen by th e placenta. T h u s at th a t tim e A llen was assum ing th a t th e 'm e c h a n ism ' u n d erly in g th e process of m e n stru a tio n is d ep e n d e n t on the action, and cessation of action, of o estro g en alone.
T h is h ypoth esis did n o t accord w ith th e facts as they co n tin u ed to em erge, and in 1929 the altern ativ e ex p lan atio n was suggested (Z u ck erm an 1929), th a t m e n stru a tio n in cycles in w hich ovu latio n does occur rep resen ts a delayed b reak d o w n of th e p ro -o e stro u s 'in te rv a l' en d o m etrial grow th th a t herald s o v u latio n , co m b in ed w ith th e b reak d o w n of the p seu d o -p re g n a n t g ro w th th a t follow s the same ovu latio n , and w hich is due to stim u latio n by the h o rm o n e o f th e co rp u s lu teu m . In cycles in w hich ovulation does n o t occur, m e n stru a tio n rep resen ts only th e delayed degeneration of the p ro -o estro u s e n d o m e triu m , w hich is m ain tain ed for longer than it w ould o th erw ise have been by th e c o n tin u ed secretion of a th resh o ld level of oestrogen. T h e first ex p erim en tal d em o n stratio n th a t p rogesterone could delay the onset of u terin e bleeding, in accordance w ith this h ypo th esis, to w hich th e au th o rity o f C o rn e r's nam e was soon added, was th a t of P h ilip S m ith and E arl E ngle in 1932. L a te r th e ir findings w ere confirm ed by F. L . H isaw of W isconsin (1935) , and by C o rn er (45, 49) and S. Z u ck erm an (1935, 1936, 1937) 1-12). In th a t p a p e r I was h ap p y to m e n tio n th a t Solly Z u ck erm an had stated in th e sam e year as I (1937) a co n cep tio n of th e an tag o n ism of p ro g estero n e to estro g en , in th e p rim ate cycle, p ractically identical w ith m ine. Solly and I, th e n as now cordial frien d s, h ad no reason to co n ten d for p rio rity in th is m a tter. So far as I know , th e basic h y p o th esis of an an tag o n istic effect of p ro g estero n e u p o n estrogen has never been d isp u te d ; in fact, a good deal of evidence has accu m u lated to su p p o rt it, and th e w hole co n cep t is now generally a c c e p te d .'
C o rn e r n o ted th a t th is co n cep t is basic to o u r u n d e rsta n d in g of the m ech an ism of action of th e b irth -c o n tro l pill.
By 1945, C o rn e r's tim e for lab o rato ry research was bein g heavily ero d ed by his executive d u ties as head of th e C arnegie L ab o rato ry , and by his w illingness 'to give lectu res, w rite review s, and serve on co m m ittees, all of w hich seem ed to be p a rt of a sc ie n tist's d u ty '. H e co n seq u en tly decided to consolidate all his ow n o b serv atio n s on the ovarian and u terin e cycle of th e rh esu s m onkey in a m ajo r re p o rt en titled 'D ev elo p m en t, o rg an isatio n , and break d o w n of th e co rp u s lu teu m in th e rh esu s m o n k e y ', and in th e p re p a ra tio n of w hich he was able to add relevant m aterial lent to h im by C arl H a rtm a n and G eo rg e B artelm ez. H e reg ard ed this m o n o g rap h (61), w h ich was p u b lish e d in his fifty-fifth year, as th e c u l m in atio n of th e 30 years he h ad sp en t in o b serv atio n and ex p erim en t on the fem ale rep ro d u ctiv e cycle.
The m am m ary glands
Because th e co rp u s lu teu m d eg en erates as th e p erio d of g estation draw s to a close, C o rn er had d ed u ced th a t 'th e onset of lab o u r is caused, or at least facilitated, by the cessation of p ro g estero n e actio n '. H e also realized, and th en confirm ed ex p erim en tally , th a t lactation itself could n o t be due to th e action of pro g estero n e. W h en , d u rin g p regnancy, th e co rp o ra lutea (or lu teu m ) are actively p ro d u cin g th e h orm o n e, the g ro w th of the m am m ary glands is p ro m o ted , b u t since the co rp o ra lutea degenerate before p a rtu ritio n , th ey can n o t be resp o n sib le for stim u latin g the secretion of m ilk. C o n seq u en tly C o rn er su p p o sed th a t som e u n know n h o rm o n e of th e an terio r p itu ita ry (the ad en o hypophysis) m ig h t be involved. H e rb e rt E vans h ad already show n th a t this gland secretes a h o rm o n e th a t can p ro lo n g th e life of the co rp o ra lutea of the rat. C ould it, th erefo re, also p ro d u ce a h o rm o n e th a t stim u lates lactation? In 1930, w orking w ith E. P. B ugbee, a b io ch em ist, C o rn er show ed (29) th a t it did; they w ere able to o b tain a p itu ita ry extract th at stim u lated lactation in rab b its. S u b seq u en tly C o rn er fou n d th a t th e sam e effect had been in d e p en d en tly rep o rte d in 1928 by P. S triek er and F. G ru e te r w orking in Paul B o u in 's laboratory in N ancy. B ut it was C o rn e r's w ork th a t stim u lated the su b se q u e n t en q u iries by O scar R iddle th a t led to the discovery of p ro lactin , and to its chem ical isolation by C h o h H ao L i of Berkeley. C o rn e r's experiences w ith th e G ren fell M ission w hen a young m edical m an h ad also im b u ed in h im a taste for th e history of A rctic ex p lo ratio n , a taste th a t was reinforced by the story of one of his child h o o d heroes, E lisha K en t K ane, a P h ilad elp h ia physician w ho was the first A m erican A rctic ex p lo rer of note. Soon after he becam e E xecutive Officer of the A m erican P hilosophical Society, he started to w rite a book ab o u t K ane. W h en he had com p leted his researches for the biography, and after a su b stan tial p a rt had been d rafted , m em b ers of th e K ane fam ily p resen ted to the L ib rary of the S ociety a large m ass of K ane papers th a t C o rn er had never seen before. H e had to lay aside his m an u scrip t, begin research anew , and rew rite his book-w hich was, of course, m uch richer for the unex p ected ap p earan ce of so m u ch new m aterial (103). P r o f e s s i o n a l a n d p u b l i c s e r v i c e s As well as being a d ilig en t and co n sid erate u n iv ersity teach er, G eorge C o rn e r reg ard ed it as his d u ty to try to edu cate a w ider p u b lic ab o u t the facts of rep ro d u c tio n . T h e m ores o f th e in te r-w a r years w ere very unlike w hat they are now . Sex was a taboo sub ject, and con sid erab le ignorance ab o u t the facts of re p ro d u c tio n p rev ailed in the general p u b lic, and p articu la rly am ong you n g people. As a scholar of im peccable taste, C o rn e r th erefo re freq u en tly lectu red on th e su b ject to n o n -sp ecialist audiences. H e also w rote tw o sim ple books on sex, one ad d ressed to boys (47) and the o th e r to girls (50). F ro m 1947, as C h airm an of the N atio n al R esearch C o u n c il's C o m m ittee for R esearch in P ro b lem s of Sex (he had been a m e m b er from 1934), he stau n ch ly d efen d ed the w ork th a t A lfred K insey was carry in g o ut into h u m a n sexual b eh av io u r. K in se y 's stu d ies w ere p artly su p p o rte d by th e R ockefeller F o u n d atio n , and M r D ean R usk, th en the F o u n d a tio n 's P resid en t and later S ecretary of S tate in both P resid en t K e n n e d y 's and P re sid e n t J o h n s o n 's ad m in istratio n s, had becom e m u ch w o rried by som e o f the adverse p u b lic reaction to w hat K insey was p ro claim in g . H e th e re fo re arran g ed for C o rn er to testify b efore th e U n -A m erican A ctivities C o m m ittee, w hich was th e n d o m i n ated by the n o to rio u s S en ato r M cC a rth y , to urge th a t th ere was n o th in g u n -A m eric an in w h at K in sey was revealing ab o u t the ways of th e A m erican m ale and A m erican fem ale. C o rn er was n o t called.
H e was S ecretary -T re a s u re r of th e A m erican A ssociation of A n a t o m ists for eight years, and th e n P re sid e n t for two. H e was P resid en t of th e A m erican A ssociation for th e H isto ry of M ed icin e from 1954 to 1955. He was also C h airm an of th e In tern a tio n a l C o m m ittee on A natom ical N o m en clatu re d u rin g th e 1950s, and P resid en t of the In tern a tio n a l C ongress of A n ato m ists th a t co n vened in N ew Y ork in 1960. In 1964 he served in the sam e capacity at th e In tern a tio n a l C ongress of E n d o c rin ology th a t took place in E n g lan d . H e delivered the T e rry L ectu res at Yale in 1940 (52), the V an u x em L ec tu res at P rin ceto n in 1942 (56) C o rn e r's friendly sp irit never d im in ish ed as he grew in years and em inence. He was in his tw enties before he broke w ith the ritual of daily p ray er and w ith the n o n co n fo rm ist discipline in w hich he had been b ro u g h t up, and w hich forbade alcoholic d rin k . B ut these relaxations in no way w eakened the stro n g sense of p u rp o se and d u ty w hich his p o w er ful n o n co n fo rm ist u p b rin g in g had instilled in him . H is fam ily life was happy, and its even ten o r was n o t broken until, after 50 years of m arriage, Betsy, then 77, developed senile d em entia and had to be confined to a san ato riu m , w here he visited h er every week and w here she died in h er 85th year. T h e tw o had sh ared the g rief of the loss of th e ir only d au g h ter H ester nearly th irty years before. C o rn er, now alone, c o n tin u ed w ith his w ork and his lectures, always su stain ed by his son, G eo rg e W ash in g to n C o rn er IV , P ro fesso r of G ynecology at th e U n iv ersity of A labam a in H u n tsv ille, by his g ra n d ch ild ren , and by his n u m e ro u s friends.
In 1978 C o rn er sat dow n to w rite his au to b io g rap h y . It ap p eared in 1981, th e year of his d eath , u n d e r th e title The seven ages o f a medical scientist (104). In his usual o rd erly w ay th e a u th o r had lived long enough to correct the proofs, and to w rite, in a h an d th a t show s no sign of age, in scrip tio n s on cards for those of his frien d s to w h o m he w ished th e p u b lish e r to send copies. H is card to m e is in scrib ed to his 'old est E nglish frie n d ' and in th e book he refers to th e 'm o st e n d u rin g frie n d s h ip ' w hich he m ade w ith m e on his first visit to E n g lan d in 1923 . H e was w rong ab o u t the y ear-it was later th a n th a t-b u t like all w ho knew h im I ch erish th e m em o ry of a m an w hose g en ero sity of h e a rt an d h o n esty of p u rp o se m ade h im stan d o u t th ro u g h several gen eratio n s.
M y th an k s are due to M r J. W hitfield Bell, Jr, G eo rg e C o rn e r's successor as E xecutive S ecretary to the A m erican P h ilo so p h ical Society; to th e late P ro fesso r E. C. A m oroso, F .R .S .; and to P ro fesso r G rah am W eddell, for reading m y m a n u sc rip t and for th e ir h elpful suggestions.
T h e p h o to g rap h rep ro d u ced was taken by F ab ian B achrach of P h ila delphia in 1969. On the widespread occurrence of reticular fibrils produced by capillary endothelium.
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